The aim of this study is to provide input into knowledge-based expert systems by providing mean wind speed at the entire pedestrian level street width. The air flow around an individual building is complex. Around two or more buildings it is even more complicated, a recirculating flow can occur in the street canyon between them. Such urban flows can introduce high wind speeds at pedestrian height inside the street canyon, causing discomfort or even injuries.
Turbulent flow around a surface-mounted obstacle has long been used as a benchmark problem and studied extensively experimentally to understand the basic flow structure and dynamics of coherent vortex structures around buildings (e.g. Castro and Robins [11] ; Martinuzzi and Tropea [28] ; Hussein and Martinuzzi [21] ; Irtaza et al. [22] ; Richards et al. [37] ; Sakamoto and Haniu [39] and Larousse et al. [25] ). Among the various experiments reported in the literature, Hussein and Martinuzzi [21] performed one of the most detailed experimental measurements and flow visualizations at Reynolds number (Re) of 40, 000 based on the obstacle height (H). A number of numerical studies of the flow around a single obstacle have been reported in the literature using steady Reynolds-averaged Navier-Stokes (RANS), unsteady RANS, and large-eddy simulation (LES) turbulence models (e.g. Irtaza et al. [22] ; Richards et al. [36] ; Yang [46] ; Rodi [38] ; Shah and Ferziger [41] ).
For the general flow features around a surface mounted obstacle as described by Cook [12] , when an atmospheric boundary layer (ABL) wind profile approaches normal to the spanwise direction of the obstacle, the wind speed increases with the height above the ground. The flow at about two-thirds of the obstacle height comes to rest to form the front stagnation point. From this point the flow deviates into four main streams. In one of these above the stagnation point, the flow goes up and over the top of the obstacle. Below this point the flow goes down until it reaches the ground where it has more kinetic energy than the incident wind at this level. It is therefore able to move upstream against the wind, losing energy until it comes to rest at a separation point on the ground. The flow rolls up into a horizontal standing vortex next to the ground upstream of the windward face of the obstacle as shown in Figure 1 (a). According to Martinuzzi and Tropea [28] , the shape, location and form of the separation region over and in front of the obstacle depends on the boundary layer thickness (δ). The separation point moves closer to the obstacle with decreasing boundary layer thickness.
The third and fourth streams are formed by the air entering the standing vortex escaping around either side of the obstacle. When the flow next to the ground is observed, as shown in Figure 1 (b), this vortex forms the shape from which it derives its name of the horseshoe vortex [12] . The size and intensity of this horseshoe vortex scales with the thickness δ of the oncoming boundary layer [11] . For thin, laminar boundary layers, (i.e. δ/H < 0.3) the structure of the upstream separation is characterized by multiple secondary recirculations upstream of the horseshoe vortex [40] . Whereas for thicker, turbulent boundary layers (i.e. δ/H > 0.7), the structure of the upstream separation is characterized by a bimodal behavior of the pressure and velocity fields: i.e. the flow in the region between the primary separation and the horseshoe vortex is unstable and fluid in this region is intermittently convected down to the horseshoe vortex [25] , [27] .
The three streams which separate the from front stagnation point deviate towards the three upstream sharp edges of the obstacle, where they again separate, resulting in strong shear layers, in which turbulence production terms are large [29] . This high turbulence level increases diffusion and enhances entrainment by the shear layer of low momentum reverse flow in the near wake, which strongly affects the local pressure gradient and increases mixing directly behind the obstacle [27] . The horseshoe vortex also entrains the surrounding fluid towards the axis of symmetry. After the reattachment point, an initial rapid expansion of the wake occurs which is due to the increase of the mass flux in the 2 wake close to the ground as the shear layer reattaches and is subsequently entrained by the horseshoe vortex. The separated shear layers due to the sharp upstream edges of the obstacle may or may not reattach on the surface of the obstacle. Castro and Robins [11] investigated the influence of δ on the reattachment of these shear layers.
According to their observation, if the obstacle streamwise length-to-height ratio (L/H), is sufficiently small relative to δ, the shear layers do not reattach on the obstacle, giving rise to an extended recirculation region in the near wake.
According to Castro and Dianat [10] , the streamwise length of the obstacle for which reattachment occurs has been shown to be a function of δ/H.
Reattachment of these separated shear layers is of the utmost importance as it alters the wake flow periodicity which changes the pressure and velocity field near the obstacle. As shown by the Castro [9] , the periodicity is a result of the coupled oscillations between the separated shear layers from the lateral sides, which for the surface mounted obstacles, is modified by the shear layer along the obstacle top, the oncoming shear gradient and the appearance of junction or horseshoe vortices. According to their studied case of a thick boundary layer of δ/H ≈ 6.6 for the obstacle with spanwise width-to-height ratio W/H = 1 and L/H = 1, in which reattachment of shear layers occurs on the obstacle surfaces and no periodicity in the wake of the obstacle was observed. Whereas for the studied cases of thick boundary layers by [9] for δ/H ≈ 1.1 and by Sakamoto and Haniu [39] for δ/H = 0.8 for taller obstacles with dimension ratio W/H = L/H = 1/6 and W/H = 1/3 respectively, strong periodicity in the wake was observed.
For multiple obstacle arrays, the flow field is more complex than the flow around a single obstacle due to mutual interference [39] . Experimental studies analyzing the flow structure around a pair of wall-mounted obstacles in tandem have been reported by Meinders and Hanjalić [32] at a low Re of 3854 and for a thin boundary layer; Martinuzzi and
Havel [30] , Martinuzzi and Havel [31] at a moderate Re of 22, 000 and for a thin boundary layer; and Sakamoto and Haniu [39] at a moderately high Re of 1.52 × 10 5 inside a thick boundary layer. Reported numerical studies on flow around an array of wall mounted cubes include Farhadi and Sedighi [16] and Paik et al. [33] at a moderate Re of 22, 000.
Sakamoto et al. [39] , have investigated the interference effects of a second obstacle situated in the wake of the first for tall square cross-section, surface mounted obstacles of W/H = 1/3. They identified four regimes as a function of gap length (S ) as follows: (1) Stable reattachment: when the spacing between the obstacles is in the range of S /H < 2, the separated shear layers from both sides of the upstream obstacle attach to the side surfaces of the downstream obstacle and no periodicity is found in the wake. (2) Unstable reattachment or bistable flow:
for a larger spacing for S /H > 2, a part of the separated shear layers from the upstream obstacle starts to roll up intermittently in to the region between the two obstacles and periodicity is observed in the wake of both obstacles.
(3) Stable synchronized: for a critical range of spacing for S /H ≥ 3.5 separated shear layers roll up strongly in to the gap between the two obstacles without reattachment. (4) Unstable synchronized: for very large spacing of S /H ≥ 50 between two obstacles the separated shear layers roll up strongly in to the gap between the two obstacles with reattachment.
Martinuzzi and Havel [30] studied the flow around two surface-mounted tandem obstacles of height H, in a thin laminar boundary layer and they found comparatively similar regimes as Sakamoto and Haniu [39] , namely (1) a bistable regime for the range 0 < S /H < 1.5, which is similar to the unstable reattachment regime of [39] ; (2) "lock-in" regime for the range 1.5 < S /H < 2.3 for which case the upstream shear layer impinges on the leading face (near the leading edge) of the downstream obstacle and a strong vortex rolls in the gap and (3) quasi-isolated regime which is similar to the unstable synchronized regime of [39] .
The above literature review of the flow past a single and two tandem obstacles suggests that experimental and numerical simulations to analyze the flow structure for two tandem obstacles at very high Re and inside a thick boundary layer have yet to be reported in the literature. This type of flow study is important because generally wind flow around buildings occurs at high Re and inside the thick atmospheric boundary layer. In the present study which has as its aim the study of the flow field between and close to two buildings, we analyze the flow structure around and in-between two medium-rise buildings with equal height and long in spanwise length compared to buildings height, at high Re and for a thick boundary layer in section 3. The impact of changing upstream or downstream building height on the flow structure is analyzed in section 4. Reynolds number based on the height of the building for this study is defined by the equation
where, ρ = air density, U re f = reference wind speed, H = height of the building, and µ = kinematic viscosity of the air.
Pedestrian comfort inside uniform and non-uniform street canyon
When two or more buildings are lined up along two sides of a street, they create a street canyon in-between, which is vertically bounded by the ground surface and the roof level. A street canyon is said to be uniform if the adjacent building heights are equal (i.e. H 1 = H 2 ) as shown in Figure 2 ; and if the adjacent building heights are unequal, it is said to be non-uniform (i.e. H 1 H 2 ). In case of the non-uniform street canyon, if H 1 < H 2 , it is called a step-up street canyon and if H 1 > H 2 , it is called a step-down street canyon. The dimensions of a street canyon are expressed by their aspect ratios S /H (street width to building height), and S /W (street width to building width). Note that, in this study the building with the greatest height is used to calculate the aspect ratio.
Urban areas can be characterized as a group of such street canyons. Wind comfort and wind safety for pedestrians are important requirements for urban areas. According to definition of pedestrian comfort by Bottema [8] : "
Pedestrian discomfort occurs when wind effects become so strong and occur so frequently (say on time scale up to 1 h), that people experiencing those wind effects will start to feel annoyed, and eventually will act in order to avoid these effects". This wind comfort and wind safety generally refer to the mechanical effects of wind on people [26] .
According to the extended "Land Beaufort scale" of wind effects on people as reported by Lawson et al. [26] , at We take our study to be of a fundamental nature, aimed as it is, at a parameteric understanding of the flow field in and around the street canyon. According to Blocken et al. [5] , fundamental studies for pedestrian level wind assessment are typically conducted for simple, generic building configurations to obtain insight into the flow behavior, to study the influence of different building dimensions and street widths, to provide input for knowledge-based expert systems (KBES), and for model validation.
Fundamental studies have been conducted by Ishizaki et al. [23] and Wiren [45] , who carried out wind tunnel measurements along the street center line between various two-building configurations. Both studies focused on the mean wind speed in the street between rectangular buildings of equal height. Contours of mean wind speed and turbulence measurements at pedestrian level in streets between two high rise buildings of equal height for parallel and perpendicular wind direction using wind-tunnel experiments were provided by To et al. [42] . Numerical studies for two-building models were conducted by Bottema [7] and Baskaran et al. [2] . A very detailed numerical assessment of the influence of varying a wide range of street widths was first conducted by Blocken et al. [5] for parallel wind direction and with buildings of equal height.
These studies on wind speed conditions in a street canyon were mainly focused on pedestrian-level winds for discrete points, a limited range of street widths and for wind parallel to the street canyon. Detailed CFD study of wind blowing perpendicular to the street canyon still requires more attention. In this study, information using a detailed CFD simulation has been provided for the mean wind speed at the entire pedestrian level street width for the considered wind directions in order to assess pedestrian wind comfort inside street canyons. The effect of changing street width and building heights on the flow pattern and pedestrian wind comfort inside a street canyon was investigated by performing CFD simulations. The size of the computational domain was selected according to CFD best practice guidelines by Franke et al. [17] . The Reynolds number was 8.1 × 10 6 based on maximum building height and free stream velocity.
Boundary conditions
Simulations were performed using the commercial CFD package Ansys Fluent version 17.0. The inlet boundary condition was specified according to the recommendations of COST (European Cooperation in the field of Scientific and Technical Research) Action 732 by Franke et al. [17] and using a user defined function (UDF) satisfying Equations 1-4 below for the velocity U(y), turbulent kinetic energy k(y), turbulent dissipation rate ε(y) and specific dissipation rate ω(y) respectively:
Here, κ = 0.4 is the von Kármán constant, y 0 is the aerodynamic roughness length, C µ is an empirical constant specified in the turbulence model (approximately 0.09) and U * ABL is the atmospheric boundary layer friction velocity, which can be calculated by a specified velocity U re f at reference height y re f as,
Here we take, U re f = 5.9 m/s, the free stream wind speed at the building height y re f = 20 m to analyze the wind speed between 2.4 − 3.8 m/s at the pedestrian height.
The top and side boundary conditions were specified as symmetry which is used when expected pattern of the flow solution has mirror symmetry. The outlet boundary condition was specified as outflow, which is used to model flow exits where the details of the flow velocity and pressure are not known prior to solution of the flow problem.
The bottom and both building face boundary conditions were specified as wall (no-slip) to bound fluid and solid regions. Viscous boundary layers were generated on the ground and both building faces with 48 grid layers on each to accurately resolve the boundary layer and accurately predict separation and reattachment points. The height of the first cell of the boundary layer was chosen to be 7.3 × 10 −5 m to ensure wall unit y + < 5 to resolve laminar sub-layer of the boundary layer, which is a requirement of the used turbulent model in this study. The mesh used in this study contains tetrahedral and wedge shaped elements. The boundary layer thickness based on the height of the building was δ/H ≈ 3.5, which represents a roughness length y 0 ≈ 0.2 m and corresponding power law exponent α = 0.28 for the real atmospheric boundary layer in which a power-law velocity profile is assumed (see Appendix for the detailed calculation). 
Computational mesh

Computational model
Different steady RANS models were evaluated, to determine which is best for this study. The cube centerline pressure coefficients C p for each RANS model were compared with the wind tunnel and CFD study results of Irtaza et al. [22] for the Silsoe cube. The best agreement obtained was approximately 90% in C p compared to the LES study results of [22] from the transition k − kl − omega (3 equation model) was obtained.
Other parameters
The Pressure-Implicit with Splitting of Operators (PISO) algorithm scheme with skewness correction was used for the pressure-velocity coupling as it has a better performance for meshes containing cells with higher than average skewness [22] ; pressure interpolation was second-order. Second-order discretization schemes were used for both convective terms and viscous terms of the governing equations. The simulations were initialized by the values of the inlet boundary conditions. Surface monitor points inside the street canyon with (X, Y, Z) coordinates (22, 8, 40) , (26, 12, 30) , (30, 7, 20) , (34, 5, 70) , and (38, 10, 50) were used to measure convergence. These are the points used for S /H = 1 and are changed accordingly with change in aspect ratio S /H. The simulations were terminated when all specified surface monitor points reached the criteria of a difference in value between two iterations of 0.0005 for 20 consecutive iterations. Incompressible flow with the air density ρ = 1.225 kg/m 3 was used in this study. The kinematic viscosity of the air considered in this study was µ = 1.7894 × 10 −5 kg/m − s.
Validation
Vardoulakis et al. [43] and Ratnam et al. [34] reported that the most widely studied flow problem in wind engineering is a 3D cube immersed in a turbulent boundary layer due to the simplicity of the shape and the complexity of the flow around the cube. Therefore, validation of the CFD model was performed by first simulating the wind flow around a surface mounted cube in a turbulent channel flow. In this study, the pressure coefficients C p along the vertical centerline of the windward face, the roof and the leeward face were compared with the wind tunnel and CFD study results of Irtaza et al. [22] for the Silsoe cube. Here, C p is defined by the equation
where, P static is the surface static pressure, P re f is the reference pressure, and ρ re f is the air density. tunnel test and full-scale study results of Irtaza et al. [22] as shown in figure 3 , and with previously published in-situ measurements, wind tunnel tests and validated CFD simulations as shown in Table 1 , and summarized below. Values of C p lie within the range of previously obtained results. The stagnation point occurred at 0.6 H, which is similar to LES results of Irtaza et al. [22] , and the obtained C p value of 0.73 at this point is close to the value observed in the wind tunnel study of Richards et al. [37] and Castro and Robins [11] .
Location of the
On the roof of the cube, the maximum negative pressure coefficient value occurs at a distance of 0.2 H, which is similar to the wind tunnel results of Richards et al. [37] , Hölscher and Niemann [20] and Irtaza et al. [22] . The value of the C p is −0.8, which is similar to the CFD simulation (Standard k − model, Realizable k − model and RSM model) results of Irtaza et al. [22] , as well as the CFD simulation results of Yang [46] .
On the downwind face, the maximum negative C p occurred at a distance of 0.7 H, which is close to the results of the CFD study by Yang [46] (CFX5 k − ),while the value C p = −0.24, is close to the LES results of Irtaza et al. [22] and to the wind tunnel study results of Hölscher and Niemann [20] and Richards et al. [37] .
From Figure 3 it could be concluded that none of the CFD study results of Irtaza et al. [22] matches well with their experimental data, but their LES is the best match and the obtained results from the present study matches well with their LES results which gives more confidence in the simulation variables used.
From the above listed literature review on previous CFD studies in Table 1 and from the present study comparison plot Figure 3 , variation between studied results is observed. The reasons for these discrepancies may be due to variation in mesh elements, degree of convergence, turbulence model, the flow Re and perhaps also the intrinsic stability of the flow field behind a bluff object. From Figure 4 it can be observed that inside the thick boundary layer (δ/H ≈ 3.5 in the present study) the change in far upstream values of C p is nearly equal for the different studied cases. The pressure minimum near the upstream building is located near the horseshoe vortex at around 0.5 H upstream of the windward face. In addition, the pressure maximum at around 0.9 H corresponds to the location of the upstream stagnation point which causes an increase in the surface pressure. The location of the horseshoe vortex and stagnation point for the different studied cases are identical but differences in the value of C p are observed. The reason for these differences may be due to the unstable behavior of the flow in this region as described by Larousse et al. [25] . From Figure 5 it is observed that the stagnation point on the front face of the upstream building occurs at about 0.8H from the ground for all studied cases. From this point the flow diverts into four different streams as described in section 1.1. The point of minimum positive C p which is identical for all studied cases occurs on the front face at about 0.4H above the ground. The stream which deviates toward the roof again separates due to the front sharp edge and the separated shear layer reattaches on the same roof surface and bifurcates. This flow structure can be clearly observed in Figure 6 and detailed view of the same in Figure 7 (b). According to Castro and Robins [11] , at the leading edge of the upstream building roof, separation causes a high negative pressure which indicates the minimum C p region. This pressure increases toward the trailing edge and recovers to nearly zero pressure which suggests that the flow may reattach on the top surface. Also, they specified from their analysis that for δ/H > 0.7 the separated shear layer permanently reattaches on the top of the building which explains the reattachment of the shear layer on the same surfaces for our studied cases for δ/H ≈ 3.5. The negative pressure on the rear face of the upstream building varies due to strong mixing of the fluid in the street canyon with that from entrainment [39] . The separated flow on the roof of the upwind building gives rise to a large three-dimensional recirculation region over the roof as can be seen in Figure 6 and closer inspection of the same in Figure 7 pedestrians. In the cases of S /H = 0.9 and S /H = 1, most of the area near the downwind building inside the street canyon is in the danger zone for pedestrians. Figure 11 shows contour plots of pedestrian comfort at a height of 1.75 m inside the street canyon for different uniform street canyon cases considered in this study. This height can generally be considered as the average head height for pedestrians. At this height an overall reduction in the wind speed can be observed compared to the case of pedestrian seating height. This is due to the reason that the significant downflow of air at the windward face from the front stagnation point that subsequently enters into the canyon from the ground level. It is also explained by Blocken et al. [5] that very pronounced increase of wind speed in the canyon is limited to the near ground level and decreases with increase in height in the y-direction. They give the reasons that: (1) the pressure gradient is more pronounced near the ground level and (2) there is a considerable amount of air leaving the canyon through the top plane. As street width increases, the wind speed near the upwind wall of the downwind building increases. Most of the area near the upwind wall of the downwind building which was in the danger zone at seating height can now be observed to be in the discomfort zone at this height. An area of danger can be found near the corners of the leeward wall for the downwind building in the case of S /H = 0.9 and S /H = 1.
Pedestrian comfort inside the uniform street canyon
From the above pedestrian comfort assessment study for different uniform street canyons it can be seen that the overall wind velocity near the downwind building area which would be in frequent use by pedestrians increases with increase in the ratio S /H. Overall reduction in the wind speed has been observed with the increase in height in the y-direction which converts the danger zones into discomfort zones for pedestrians. There is no significant increase in the wind speed near the downwind wall of the upwind building near the pedestrian accessible zone has been observed. (a)
Step-up street canyon (b)
Step-down street canyon For the step-up street canyon, the fluid flux entering into the canyon from the roof of the upwind building is larger than the previously studied uniform canyon cases, as is suggested from the figure 12(a). This is due to the fact that decrease in height of the upwind building compared to the downwind building allows more fluid to enter into the gap compare to previously studies uniform street canyon for S /H = 1. This high flux fluid pushes the lateral shear layers outward more as can be seen in the pathline plot representation figure 13(a) in the XZ-plane at Y = 1. In this case, the flow in the canyon spacing can be characterized by a strong fluid stream directed downward towards the windward face of the downwind building. The core of the recirculation vortex inside the canyon is located near the mid height of the downwind building. For the step-down canyon, a large back-flow can be seen on the roof of the downwind building as shown in figure 12 (b). Since for both studied non-uniform street canyon cases, the reattachment behavior of the separated shear layers from the leading edges of the upwind building is similar to that discussed in section 3, it is expected that the flow is bistable inside the street canyon.
(a)
Step-down street canyon 
Pedestrian comfort inside the non-uniform street canyon
Step-down street canyon At the pedestrian standing height, a contour plot representation for the studied non-uniform street canyon has been shown in figure 15 . There is no significant difference in the pedestrian comfort at the seating height and the standing height has been observed for studied cases.
From the above studied cases it can be revealed that the pedestrian accessible zone near the upwind wall of the downwind building in uniform studied case of S /H = 1 which was in the danger zone can be seen in the comfort zone for the step-up street canyon at different pedestrian level height. Whereas in the case of step-down canyon drastic increase in the wind speed near the downwind building inside canyon can be seen. Therefore, it can be concluded that, a step-up street canyon is the better configuration to improve the wind speed inside the street canyon.
Conclusion
1. In this study, the flow structure and pedestrian comfort inside uniform and non-uniform street canyons for different street-width-to-building height ratios have been analyzed using steady RANS simulations.
2. For the uniform street canyon cases, it has been observed that increase in the street width introduces more fluid flux entering into the canyon.
3. Pedestrian accessible area near the upwind building inside the canyon for all studied uniform street canyon cases is in the comfortable zone. Whereas, drastic increase in the wind speed with increase in the street width, which causes discomfort and danger to pedestrians has been observed near the downwind building. In the case of S /H = 1, there is a region of approximately 20 − 30% of the width of the canyon which is in the danger zone.
4. Impact of changing the building height on the pedestrian comfort has been analyzed in the section 4 in this study. For the step-up street canyon studied case almost 100% area accessible by pedestrians is in the comfort zone. Whereas for the step-down canyon, pedestrian accessible area near the downwind building which was in the discomfort zone for the uniform street canyon case of S /H = 1 is in the danger zone.
5. It has been predicted in the present studied cases that vortex shedding occurs inside the canyon and in the wake of the downwind building. Transient flow simulations are required to confirm the predictions. The reason why steady RANS CFD is not capable of reproducing the vortex shedding in the wake of buildings or inside street canyons is due to the underestimation of turbulent kinetic energy in these regions [6] and that it's a steady model of an intrinsically unsteady phenomenon. Therefore, it is desirable to use unsteady RANS or Large Eddy
Simulations (LES) for highly accurate CFD analysis. However, in order to use these models for predicting wind environment around buildings, a dramatic increase in computer processing speed is needed. Unsteady RANS modeling was used for validation study for the single cube case and a total of 16CPUs were used in parallel for the simulation. It takes approximately 10 days to get desired results.
6. Also note that this study considers only one wind direction, and results will vary with other wind directions.
6. Remarks 7. Appendix
Calculation for the reference wind speed
According to Blocken and Persoon [4] , to assess the wind climate at a particular location requires the combination of (1) statistical meteorological data; (2) aerodynamic information and (3) a comfort criteria.
Statistical meteorological data
Generally, data are selected from a nearby meteorological station at which the wind climate is considered representative for the building site [4] . An ideal meteorological station according to Blocken and Persoon [4] is the one with aerodynamic roughness length y 0 = 0.03 m and gives the mean wind speed at 10 m height. In this study, we have considered the buildings or street canyon belongs to the city area of the country like New Zealand or Australia.
The meteorological data at 10m height for last five years from the airport location of the city New Plymouth, New 
Aerodynamic information
The aerodynamic information is used to transfer the statistical meteorological data from the meteorological station to the location of interest at the building site ( [4] ). In this study, we have considered the terrain with roughness length 
Comfort criteria
Most of the wind comfort criteria mentioned in the literature review is the combination of a wind discomfort and danger threshold. We are using extended "Land Beaufort Scale" by Lawson and Penwarden [26] as a comfort criteria for this study. As mentioned in Introduction section of this paper, we are analyzing wind velocity of U To get real life occurrence of wind speed of 3 m/s at pedestrian height for the location of interest, we transfered the obtained wind speed in to the wind speed available at airport station of New Plymouth, New Zealand. According to Davenport [14] and Ismail [24] , velocity at gradient height of different terrain types are equal, which implies that, at airport station if we consider velocity at 10 m to be U 10 m , then using power law wind profile for corresponding profile Therefore, velocity at 10 m, at airport station, will be, and Reynolds number at this height will be,
Calculation for the boundary layer thickness
According to Counihan et al. [13] , the equation to calculate boundary layer thickness is given as,
Here we take, U ∞ = 8.4 is the wind speed outside the boundary layer (as shown in Figure 17 ). The exponent n = 0.28 and y 1 is a zero-plane displacement which is according to Garratt et al. [18] (chapter-4, page no:86) may be ignored in case of measurement are made over the short grass. Therefore equation 5 becomes;
and calculating δ using equation 6 gives value of δ 70. So, δ/H 3.5 in present study. 
